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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a light-emitting device for accurately and 
efficiently cutting a wafer having a laminated structure, and 
to provide a light emitting diode and a semiconductor laser 
element 

SOLUTION: The method is characterized by comprising ff^ 
procures such that a second groove 27 that reaches the 
substrate 1 from the p-type semiconductor layer 17b is 
formed along a line 5 cut for cutting the wafer 2 in a chip 
shape in a wafer 2 where a p-type semiconductor layer 17a 
made of a III-V-group compound semiconductor and an n- 
type semiconductor layer 17b are laminated on the surface 3 
of a substrate 1; a condensing point P is focused on the 
inside of the substrate 1 facing the second groove 27 for 
being irradiated with a laser beam L; a modified region 7 
formed by multiphoton absorption is formed inside the 
substrate 1; a cut-off origin region is formed inside the 
substrate 1 at a specific distance from the incident surface 
of the laser beam L by the modified region 7; and the wafer 2 
is cut along the cut-off origin region. 
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i?ytLi±tr^2<DpM¥m#s 1 7 b»?,i»sn 

Sett & Sfcfc, ^ x^n 2 OKffi 2 1 fctW*.tfS0fcfl= 

fiDMtf £ % 5 <fc 5 * d t fc*& V\> 
20 [0 0 6 2] M<^T, Sfitl ©JP^s RtflBSf* 

(S 1 0 3) o CtiHx »Rl«)«®33&»&HBerailrt 

«©ma©feSfc wif ^ l ©^TfejS p *-&*>*s rca> 

it, OTftbtK ^2©l2 70fiS) 

tefitg-T 3 U— If )£ L <DMft&. P ^S^i: Lfc^ ji/n 2 

2 7tcA±f?tlSo 

[0 0 6 3] ^i/N2^L^— <fA0XSBl 0 0O«l^ 

1 0 7\TLt>^\2<DpW¥mfcm\ 7 bMOffi^*7tffl 
30 l^>Xl 0 SMtttmtZ&SfflSTZ. ? LT, £ft 

fflJtifgl 1 7^P»Rim7 1 6^:^S-ti:T^a:/N2C>SM^ 
(S 1 0 5) . RSWSn?fc^x/N2<0«SlC^3 
«-*#2©ai2 7 <D£S«$Mft%? 1 2 1 (C<fct»Ji#-r 

■r— *«MB|51 2 5fciSn5o COSHfcv*— *fcS^ 
^T»tix-2M$1 2 5Hu fiSfflttSEl 1 7©rT 
«©IWiA2©l2<Dl2 7<D)fiaiCfeH-rS 

J:5*«U«7*-*«»Wr« (s l 0 7) „ 
[0 0 6 4] £ (OMM.'f—i 1 HXT—tSfflffixR 1 1 5k: 
40 3M&n5„ X^-^WJWIPl 1 5 14, IKDMMt 1 —?* 
l£LTZttXf-yi 1 3^Ztt#lRj©i&»3'ii-3 

cs i o 9) o erne**), wmmytm 1 7 g> prays 
(DMM.tf? 2 "<b» 2 oW2 7<D'mcffiirr«r ft 
fev a^x-^^sasi 2 5&fWijx-*i;:»-3v-«T, 
H 2 2 7 *-Stf ^ x/n 2 ^BoM^ciiiS-T 1 — ^^rSI 
t oS^lii^^-^ liiwmi 127m 

t*-^ 1 2 9ts?>n, cnfcitj^eci^ \z9\zm 

2 ©»2 7 fajfiOK^B^^jp^tlSo 

[0 0 6 5] ^:#:»g|51 2 7 tBWXfy^ S 1 0 
so 3-e^^nfc^ttS^-^^A^^tlT^t), CO^ 
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wuk7 tJ -*tfix?—&iriKtti 1 5 lessens, xf- 

% L <DM3tM. P <D&W1?&M 1 ©*M 3 ^mSKilrt 

[oo6 6] m^T, v—*rym i o i fr^-itm 

«T^S^T> U— tfmSr^x^©!^©^ 7 CD 

jesfcRBSf f 5 . i^-if 3t l (omyek p 1 © aw 

JgJiSSftS. Site* C©fc*s if)teL*»2©»2 10 
7©«<fct>t>*^«HfcA»L , t\ ^2(Di2 7©I? 

*5 N U— •9*JfeL*Cco<fc?fc:A*fr«ft*»cas f&2© 
mz 7«Sfc43^S ^LOJBSf^s I2di2 7 

[0 0 6 7] MWT, »2©j»2 7te»5J:5fe:XttX 
X-5^1 0 9^YttXf-^l 1 1^165ti:Ts Jg2 
cD« 2 7 fcif* fc&HffiJS 7 fclgf&J&jgf S*>\ & 20 

?^7^v 5 wmm&mmttmffi. 1 ©Aflsic$j£ 

« (S 1 1 3) . 
[00 6 8] CC-c?s Htfiai 8%#^t5t, ^x/n 

02 4) o ffcto^ i+X/^Ff- 7°2 3$r^x.>N 
2©Iffi2 1 tfffWflifcffiftcifctti, WRi 

nlf«#I 1 7 a&tf p3i¥»fMi 1 7 b fc©Hflfc p 
n8^ftS®t^V^-- F3 1 WSn5. 
[0 0 6 9] fiLtRWLfti^fc, 2WBM0g»fcfl55SS 
^^©M^SStf^^V^-K-r?^, s-r, ^x 

^2fc P S¥*fWii 7 bfr5»«ifc:srrsjiii©» 

2 5&tfl?2©W2 7A^^tlS21fcfc«J;-pTv nS 
1 7 a&tf pS*»#JI 1 7 b jJfSOJgKrf 

72 3aHOJt«S9/J>«a:*Tf*lt>T«]»f?nS. Lfc 
£¥*fMi 1 7 a^pl¥*fti 1 7 b*if©«B«it 

^#-r § 9 x/\ 2 % i«¥i«^oS6^ <t < wwr 5 ct*^ 

[0 0 7 0] $fc, ^x/N^ifrS^fc^l^-F^V 
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Sjig^fc iWt f x/n 2 ©i? £ ©JBHfcWWffijSW 
■ «»c <fc t> iZJtfrf 3©T\ ^© i -5 *^XS«<g®* 

§ o 

[00 7 1]$^ **fl0g*fc*S«)tt*?O«Bi* 
'jS^SSteitiHT. SKI fcl^— »fJtL*iiR«-rsiKfc N 

* x/n 2 ±te«e«nfc«iw ; ?3e9'f > 5 ?mm \cim 

©flfifc ifcfc-frTfltEfi < HBfcrr 5 C t ifiT*<£ s o 
[0 0 7 2] 4^H^ttic««^ElR70S6&^r 
St^Ttt, ^iA2£l2C0l2 7SMtSK 

|g2 ©»2 7 <0j0B*sFffi*»O?tffiteJg*r8 C £ 
tfjSFSLV. CtUCtoT. ^2 0l2 7 0j£i^l/- 
1f)tAWffii:-r5*i#fc, #2©8I2 7©JBSfflte*st*S 
U~!7% L ©ifc&£:&& <- c t *. 

[0073] ^mm&m%mmF?-<r>wk-ft 

SK^Ttt, tt«*tt7*JftafSISEfcx ^2©I2 
7«D«#^lfti:2fi£|g-r*?EnRF©««««7 0(B*x f2 
©»2 7©3«#lft©*U:t>UK<«J«LTVV5. C© 

aeftsts »c * b—wfc l 2 ©« 2 7 ©ihj; 5 

T\ f20l2 70MiOn»iftil 7 a^P-lf 
)t L IC J; •? SWI-r Set *KFihT** 5 , 
[0 0 7 4] ftfe N 1 ©Sffi2 1 ^rl^-^A*fM 

H^7«^bT ! 6»J:Vo coi5fcttitf, ^2© 
127 OJSffi««ffllr">& H©3a*te± t> l^-if«L ©Alt 
£ag£&(^Jl^--c?2&oTt>, >^x/n2©S«1 ©rtgptc 

^k««5 7Ho xmjm&mvtemm? % c t wr-n 
5o mai/ftiisii; w»f3tL««A«sn«a 

WKV^2©«2 7©jSffiJ;t)fe, »«l©«ffi2 1 © 

«5#¥fiao»ffifc«rtL^ , n->*^#a6«. c©* 
a«i©»[B2 l^w^awju-rsaHb 

jg^-rsct^-esso **3. c©j:aica«i ©K® 

-7^2 3^^xA2©pitift:Il 7 bW«Dffiteft6« 

[0075] H2 5tt. i^tmtmc^mm^^m 

as i ©^asfcfev^Ts a« 1 ©p?^irii<:« 
»ogt«««7*««-r*. **«R«7*c©i5fcjg 

ysi i i (r>x^*Z|&£iR!fc:^S&) ixt-yys 1 
13 (HfeKffl«©»fig) fc^jfiSHfcWRBff^tAV. 
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T&»mm 7 l t & & \, \ 

[00 7 6] *»M<0 <£ -5 fc^SM^ 7 «PjjW & £ 
*|p]KBfeH««7lc<kS^9-y^^^?W{^ 

So 

[0 0 7 7] 132 6 ^jEfSm^fc-fcS^*?®*! 

( 1 ) momt 1 3 £ x> *>m< j&ss 

tlT^SC^s RXf (2) Sgl <D« 2 5 £.rJH 2 2 

iT'fe«» ^x^ic^&^nsime:©^^^? 

[0078] 02 7Rt>"B2 8(±, *nm&f&fc&2>$£ 

[0 0 7 9] @2 7§#lt5^ *^£MfcM<A&*l 

©si® 3 ±tca«*nrcH 1 mnm¥m&mx& 5ni 

^f£j»3 3at, nS^#ft!3 3 a±t^/l$n^ 
?SttJB3 3 b £, jgtt^3 3 b±fc«g^tlftm2#« 
gjif£^BTS5 pM¥*f*J!3 3 c fc^tfi^TtASo 
*^mWc*5IAT, nm¥Mfa!§3 3 a, 3 3 

b, Rtfp§J¥^#/l3 3 c «, #!|x.(£G a N&HOII so 

1 - v Mik&yn^-mfofr 5SDs »^ #p«5t^*^; L 

TtASo &*5, *^Jtt(t5-)in2 a lis 015 

&xra i 6 icm^tirc±mmtmM(o^ x/n 2 i nuai© 
[0080] ^^wifcjcs^^otajfe^s-ea, 

S-fs >>xA2 a<D«i2 1 3 
^IfiSo ^UTs ^xA2aOpl¥«*l3 3cIO 

®cl2 8^t5. Cff)J;?. 12 8^ WWrtt 
7^fy5 (@16» tf&^t, pWi#!3 3c 

^sasitejafs^^^BR-rs. *^^jt*«> « 40 

2 8?, a«l(D«ffi3J;»?fcgS<^LT^So S 

7i, C<Dt^, l2 8 0«ti ? t,jS'||3 3 bt 

*tffiS3 5S«»j««tl*." «»3 5(i, Jg'lijf 3 3 b 

[00 8 1] feiAT, «2 8 ©M? Is—if KXMm £ 

hxmw. 1 ortgpom?^ p ic u-^yt l «w«-r s c 

iS7»£L&tf £«2 8 0m#^-|Rjfcf B v om^P 
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yKf-7 , 2 3«#St<:iCJ:!), >JxA2a« 
3 7£#3„ 

[0 0 8 2] *^OTfc«fcO»5n«*iW*W»f*? 

3 78, ->x/N2^pli^#S3 3 c^^asita 

•T&S^oTs nifi#!3 3 a, jg'ftJl3 3 b, 

RVpm^mftm 33c «wa©»*w«i:a* itt. 

tc, l^-1f^©7c*©«ffiffl 3 5 tfStt* 3 3bfcf 
lRt^"5^}c<J:t)Jg^ti«gSdK®«?7Tt>oTJB^ 

mm. 1 ^mmm^w^^m^ximm^-s^x-m^x 

VjmZftZo IftAbTs nl*«fti3 3 a, Stt/f 

33 b, Rtf pi!ii*awwi3 3 cizz<Dmmwmtfrnir 

<f*?3 7 ttmm-rzz fc*«T?**. 
[oo8 3] jw±, ^mm^mmmmRzs^mmic-o^ 
xmmizmmvrcib\ *mut±mmffim$mxfm&m 

[0 0 8 4] ±IB*SSmiSt>'^0'!lTH±, SStO^ 
If S i C, Si, ZnO, A 1 N, Rt/G a As*2f? 

ji^5cfcfltT»*5. pS¥SM*e> mum, R 

Zfnm¥mfam<DMntVXG aN*m>X^2>t>\ C 
MWfct, M;U£G a A 1 A s, GaAlAsP, G 

a A i i nPikZom-vwiit&m&m^&c.kifiT* 

[0 0 8 5] $7c, III-V«lfl:-&%0**»Tft>W*.tf 
1 nxA IyG ai-x-v N (X^0, Y^0, X + Y^ 

i) x^^^^mtmmn-vmt^ (Ga 
-fs/v^teBf «i^ib«<«<**. bj&»t> N V7r^fr 

ttx G a A s * HteJf?T»Htt*l«^S < . WfFitM 1 

«jKffi*cR^pcite*»?'»f'"rv». for, ^77^711 

±Kfift*3RlII- V«Sft^*JW*s««SWiatl?S: 5 
ii^a^jaffl-r S<ii:lc < fc<9, ^fcWBr^f*^ J; < * 

[0 0 8 6] Sfc, ±f3*#SmiRt>*^fiM^fe^S^C 

Tfe^v. 029 (a) ~ (c) a: N ±mhtznw.mm 
—M*7*'?mx$>%„ s-r> 029 (a) fc^snaj; 

«>x/N2©pS^#^l 7 bWOSlCf— 7*2 

4£rB6£ 0 ftT, 02 9 (b) testis J: 5 te, S 
« 1 OKM2 1 ?BTJ»bT, S« 1 Off S*/J>S < T 
a<, -?xa2 tzmm 2 m^iiftrv^T* t>, 
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029 (b) &3^t«±T$©0k:%t>TVSo «V» 
TV 0 2 9 (c) lz^-£ft%£?lc^ 7—y2 Al&m£; 
U ®Kl ©«ffi2 1 tx^X^V Y'r-yz 3^Ifi 

So 

[0 0 8 7] affi^J:teWSv^-grlca. MUJtWWrT 

So 

[0088] ±isQ(0Bia2fca ! 3«aswT?ttx 

6fc«Ji*ttTI/'>Tt>,U'>. Sfcs !gl SIMS^nMi: 
U H 2 P M£LTt^S*\ Slfll^pi 

Trig 2 n ^T'3B o T fc «fc </\, 

[0 0 8 9] SEfc. ±f3*SSmiT«. 

[0 0 9 0] 

^v^--k, atf^Mw*:P— vmtt&ms, mmm 

T^So 

[0B©fS¥&s&HJ§] 

[01] i^-ifiDX4'©s^ 1 ©^ffls^asSo 40 
[02] 01 £^fa*g©n-niite?&ofc»T®B'e& 

[0 3 ] ]s-*nux&(Dmm<D¥mm-!*$>%o 
[@4] 03 ic^TrnwDiv-ivmicra-otcmmmu^ 

[0 5] 0 3 fC^-rS«OV-V«»CjS-3 fciffiBT?* 

'So 

[06] wBrSftfcasoTffiis-eifcs. 
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7T*SSo 

[0 8 ] j&smmum^* i>— tr hed^ca! 1 xg 
[0 9 ] #jHfc^T?/st,-> 5 1^— tfinx^om 2 xs 

tc&tf S»«©ff®0T-& S . 

imi 0] ^gewgttTffl^s 1^— ?ftox^-?4(D^3x 

[011] af5*W*»TffflV«U-'lflinX^SO®4X 

[012] #gmmfen?M^% i^—^tunumc 

Lfc0TafeS o 

[013] #ms&&m-?m^z>u-- )fsnx^rat43^s 

[014] W *fADXS«©W*^0T'SSo 
[015] **SfS^ffifc#S^^I?OSii^Sfc^3V> 

[01 6] 01 Sfc^tl^^x/scOTEE-e^S. 
[01 7] 01 GlcmZttftV x^sCDVI-VIt&rHRlfVI 
I-VHWa*^f IfcfcHT**. 
[018] **i!®m^fc^S^*?(D«!5g#S*fiBj 

[019] 01 4te55*tufeu— ifsbnx*B;£jgv-»T'> 

h^26S„ 

[020] fmm?(DW&mti%:wm~tz>rcit><DVx./\ 
[02 1] ajisRTFosjeDHS^ww-rs/fcfeo^x-'N 
[022] seiapfowftJsrssj&siKf sfcfeOx/N 
[023] mtm^(D$mfim?tmM-Tz>tcit,<D * x >> 

©Wffi0T?£S, 

[02 4] ^^^OtSfe^^WrSfefeO^x^ 

[02 5] a^^i^iiRtisssjiai^oaBtsaoasg 

[026] *£ffi0gttt<- J: saJWR^Sfc^Ogrj© 
[02 7] aJ*^*teJ;«SS)e^o8Bft?5«©aio 
[02 8] 44H^*fcJ:SSS3iaiff©(BBi*ao9lO 

[029] ^aL/\<omm(omm^mmt^m<D— 
[^^©ms^] 

1 2s 2a-<j7x/V 3-*fflv 5-9J»rR£ 



(12) 



#18 2003-338636 



21 

1 7 a-ni^M 1 7 b-pS*fftI, 1 9- 
tyxVr— >3V777 K 2 1 -Iffi, 23-.X* 
7;^yFf-7, 2 4-f-^' 2 27 
-82©». 2 8-1, 3 1"W^*-R 33a 
.-nS^I, 3 3b-gfflls 3 3c-pl*«ft 
3 5-« 3 7-*»»U-1ff?s 10 0- 
W^nliHB, 1 0 1 fVtiBU 1 0 2 -rP-lf 
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JtSSMWBk 10 3-^^0^7757- 105- 
I^ffil/VX 10 7- 10 9-Xft^f- 
v^s 1 1 1 -YttX-r— 5\ 1 1 3 - ZfflXx— v\ 1 
1 1 1 7-W9EflDfc», 1 19- 

tf-^X^U -y^s 12 1 ■■•«•*?* 1 2 3 V 
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